Abstract. Co doped lithiated vanadium oxides LiV 3-x Co x O 8 as promising cathode material for lithium ion batteries are prepared with a hydrothermal process. The crystalline phase are characterised by powder X-ray diffraction and the morphology are observed by scanning electron microscope. The electrochemical properties of synthesized samples are investigated by galvanostatic charge and discharge at a current density of 50 mA g -1 . The electrochemical properties were greatly improved via Co doping. Among the doping modified material LiV 3-x Co x O 8 , the most excellent performance can be achieved when x=0.01 and 0.03, which keep a specific discharge capacity of about 146 mAh g -1 even after 40 cycles.
Introduction
The layered LiCoO 2 has been the dominating cathode material for commercial lithium ion cells in the decade or so since its facility to manufacture and good cycling behaviour. But only 50% of its theoretical capacity could be utilized in practical cells due to chemical and structural instabilities at deep charge [1] . Moreover, Co is expensive and relatively toxic, and charged Li 1−x CoO 2 poses safety concerns. These difficulties have generated enormous interest in the development of alternative cathode materials. In this regard, cation-substituted spinel manganese oxides LiMn 2 O 4 [3] [4] [5] , conductive carbon incorporated olivine iron phosphate LiFePO 4 [6, 7] and layered oxide solid solutions LiMn x Ni x Co 1−2x O 2 [8, 9] are being intensively pursued continuously. These are safer and potentially cheaper than LiCoO 2 . However, it is a perception that there is little scope for further increases in capacity with the existing cathode materials. Vanadium oxides are attractive alternatives as vanadium is known to exist in a wide range of oxidation states from +2 as in VO to +5 as in V 2 O 5 leading to the attractive potential of vanadium oxides to offer much higher capacities. Among the various known vanadium oxides, LiV 3 O 8 have been found to show interesting cathode properties. LiV 3 O 8 has a layered structure where pre-existing Li + ions at octahedral sites attach adjacent layers strongly. Over three equivalents of Li + ions can be inserted / extracted in Li 1+x V 3 O 8 reversibly because of both the outstanding structural stability and empty sites for Li + ion occupation between the layers. Critical to the success of new cathode materials, is their preparation, which controls the morphology, particle size and cation order amongst other critical parameters [10] . Although traditionally high temperature methods have been widely used for their simpleness, they are both energy intensive and cannot readily produce many potentially metastable structures that might result in high lithium ion diffusivity. Soft chemical approaches, such as hydrothermal/solvothermal or coprecipitation methods offer many advantages. In this work, a serials of Co doped LiV 3 O 8 have been synthesized via a hydrothermal process. The crystal structure of LiV 3-x Co x O 8 (x=0, 0.01, 0.03, 0.05, 0.08, 0.10) were refined by powder X-ray diffraction and the micromorphology was characterized using scanning electron microscopy. By performing the galvanostatically charge and discharge experiments, their electrochemical properties were systematically compared and investigated. O were weighed and mixed in deionized water followed by ammonia (1:10) adding slowly to adjust the pH value to 9 with magnetic stirring and heating in water bath. The obtained dark green solution was then transferred into a 50ml Teflon lined autoclave. The autoclave was sealed, and heated at 160 °C for 16 h. After hydrothermal treatment, a colorless clear solution was obtained in which pH decreased to 7. The solution was dried in air at 100 °C to evaporate the water. The precursor was then heat-treated at 300 °C for 12 h. After natural cooling in the furnace, the dark brown products were finally gained.
Characterization of samples
The X-ray diffraction (XRD) analysis was operated on Bruker AXS D8 Advance X-Ray Diffractometer with CuKα radiation in the 2θ range of 10-80° to identify the crystalline phase of synthesized LiV 3 O 8 powders. Morphology of the samples was observed on the Hitachi S-2500 Scanning Electron Microscope.
Electrochemical experiments were operated on CR2032 coin cells with Lithium metal pellets as negative electrodes, using 1M LiPF 6 in EC+DMC (1:1 volume ratio) as electrolytes and Celgard 2300 membrane as separators. The cathodes were prepared by mixing 80% active material with 12% acetylene black and 8% polytetrafluoroethylene. The mixture was ultrasonic-mixed with ethanol as dispersant. The as-prepared slurry was then coated onto an aluminum foil and vacuum dried at 120 °C for 12h. All cells were assembled in an argon-filled glove box (Mikrouna Super 1220/750/900). The galvanostatically charge-discharge tests were performed on PCBT-138-32D battery program-control test system with a mass current density of 50 mA g -1 between the potential limits of 1.5-4.0V (vs. Li/Li + ). Fig. 2 shows the morphology of hydrothermal synthesized LiV 3 O 8 in different magnification from 1K× to 7K×. It can be seen that the sample consists of agglomerations of widely dispersed small particles. In Fig. 2(C) we can clearly see submicron-sized plate-like particles with agglomeration. It has been reported that the intercalation process of Li + ion between the layers of cathode material is a diffusion process [11] . Therefore the larger grains would lead to a long path for Li + ion, which are disadvantageous to intercalation. By contrast, the floppy morphology with smaller grains is beneficial to lithium-ion intercalation and deintercalation, leading to better electrochemical performance. 
Results and discussion
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